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All in one plan scan imaging for optimization of acquisition parameters 



01.03.2004 



FIELD OF TEIE INVENTION 

The present invention relates to the field of magnetic resonance imaging 

systems. 



5 BACKGROUND AND PRIOR ART 

Improving the image quaUty of a magnetic resonance imaging system, i.e. 
improving signal to noise ratio (SNR) and resolution of images, can in principle be achieved 
by increasing the magnitude of the static magnetic field as well as reaHzing a fester gradient 
switching. In order to enhance the SNR, magnetic resonance imaging (MSI) systems usmg a 
10 high static magnetic field have been developed. However, as the strength of the static 

magnetic field increases, the frequency of the RF transmittmg field linearly increases as well. 

Increasing the static magnetic field for example firom 1.5T to 3T results in a 
RF transmittmg field whose interaction with a human body can no longer be neglected. 
Ihteraclian between the RF transmittmg field and the human body is observed by, for 
15 example, the dielectric resonance effect, since the effective wavelength of the RF 

transmittmg field is comparable to or even smaller than the dimension of the human body 
that is subject to imaging by the MRI system. 

Such a strong interaction not only degrades substantially the RF transmittmg 
field homogeneity and thus the imaging quaUty, but also can cause concerns about the safety 
20 because ^e electric field associated with the RF transmitting magnetic field increases with 
the inhomogeneity of the RF traosmitting field. In the regime of high magnetic fields, the 
lunits of specific absorption rate (SAR), peripheral nerve stimulation (PNS) and acoustic 

noise may easily be reached. 

In order to produce high resolution and high signal to noise ratio images by 
25 making use of Mgh magnetic fields, a MRI system has to operate much closer to the limits of 
SAR, PNS and acoustic noise conq)ared to an imaging system operating in the regime of 
lower magnetic field strength. 

Consequentiy, more sophisticated SAR and PNS models, hardware calibration, 
safety features andpatient dependent optimizations are required. As a result, the necessity for 
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pre-scan calibrations appreciably increases. When for example a plurality of specific 
calibrations has to be performed sequentially, the percentage of time spent calibrating versus 
clinical scanning time would become too high. Consequently scanning sessions dramatically 
expand in time and increase in complexity for the patient and the operator alike. 
5 The European patent appUcation EPl 220 153 A2 discloses a method and 

apparatus for providing a "just-in-time" locahzer image of an object of interest from which a 
high resolution image can be based. This method includes prescribing a second image 
relative to at least one of a defeult second image, a first image and a representation of a three 
dimensional volume data set. The method further includes acquiring the second image, 
10 displaying the second image, and prescribing a clinically useftd image relative to the slcond 
image. The second image and the clinically useful image are prescribed, acquired, and 
displayed within a single graphical prescription environment included in an imaging system. 

In particular, the method and apparatus disclosed in EP 1 220 153 A2 makes 
use of localizer images that permit a region of interest of a subject being hnaged to be 
15 visualized relatively quickly, such that the operator may get orientated within the three 
dimensional space of the patient and/or to locate the desired region of interest within the 
patient to be &rther imaged. The localizer images also provide a reference frame or image 
fi-om which location, orientation, and other imaging parameters associated with one or more 
target images to be subsequently acquired can be prescribed. 

EP 1 220 153 A2 mainly focuses on searching or maneuvering of a scan plane 
within the subject of interest to find a specific region desired to be imaged. This is primarily 
performed by using precursor images rather than by using localizer images and/or target 
images. The method and apparatus disclosed therein does not focus on the general 
enhancement of the quality of high resolution images obtained by an MRI system. 

The present invention therefore aims to provide an MRI system, a conq)uter 
program product and a method for improving the imaging quaUly of an MRI system as well 
as facilitating a selection of a region of interest of a body being subject to magnetic resonance 
imaging. 

30 SUMMARY OF THE INVENTION 

The present invention provides a MRI system for acquiring a high resolution 
image of a region of interest of a body. The MRI system comprises means for acquiring a low 
resolution whole-body plan scan image of the body, means for identifying the region of 
interest of the body, means for determining acquisition parameters for the high resolution 
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image on the basis of the whole-body plan scan image, and means for acquisition of Uie Hgh 
resolution image of the region of interest by making use of the determined acquisition 
parameters. 

The low resolution whole-body plan scan image of the body is preferably 
acquired in the regime of low magnetic gradient fields, slowly varying gradient fields and 
low RF transmitting field strength. The whole-body plan scan image, also denoted as scout 
image, is preferably obtained by makmg use of a rapid imaging technique, such as the fest 
field echo (FFE) technique. Such a r^id imaging technique is used to make a three 
dimensional scan, i.e. atwo dimensional multi-sUce scan, of apatient in arelatively short 
time that may for exan^le not exceed one minute. Notably, the whole-body plan scan image 
concerns an image of the patient firom the lop of the head to the bottom of the feet Then an 
accurate estimate of the total mass of the patent can be made fix)m the whole-body plan scan 
image. To further enable correct setting of PNS (peripheral nave stimulation) limits, the 
whole-body plan scan image should show the boundaries for the body. Such a scout image 
can be preferably obtained using continuous table movement or stepped bed movement and 
does not require either a high S AR or rapid switching of the gradient magnetic field. 

According to a further preferred embodiment of the invention, the MRI system 
further comprises a graphical user interfece (GUI) allowing an operator to select a region of 
interest in flie whole-body plan scan image. The whole-body plan scan image, or scout image 
is visualized by the graphical user interfece providing a three dimensional view oftiie entire 
body that is subject to magnetic resonance imaging. The three dimensional visualization of 
tiie scout image can be generally realized in a multittide of different ways, by e.g. displaying 
a multitude of different two dimensional slices or even by a single three dimensional 
representation of the entire scout image. 

In accordance with a furflier preferred embodiment of the invention the 
whole-body plan scan image is analyzed by means of a pattern recognition procedure. The 
pattern recognition procedure detects potentiial regions of interest such as organs. For fliis 
purpose the pattern recognition procedure may use a body model. The body model is 
correlated with the acquired whole-body plan scan image data for locating organs in the 
image. The result oftiie pattern recognition procedure can be provided by displaying of 
labels in the image or by means of a selection window. For example, tiie selection window is 
a pull down menu from which an operator can select an organ. Alternatively tiie operator can 
select a region of interest by cUcking on one of the labels. Next a high resolution scan of the 
selected region of interest is performed. 
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Typically, the operator is supplied with a plurality of image manipulation tools 
providing translation, rotation, magnification, re-scaling, etc. of the illustrated scout image. 
Furthermore, the operator has the possibility to specify and to select a region of interest 
within the displayed scout image that becomes subject to an optimized high resolution 
imaging. Displaying the entire scout image by means of the GUI therefore not only 
represents possible means for identifying the region of mterest of the body but also provides 
an easier, intuitive and efBcient wodcflow for the operator. Identification and selection of the 
region of interest can effectively be realized with a reduced number of actions, e.g. mouse 
clicks, that have to be executed by the operator. 

According to a further preferred embodiment of the invention, the means for 
acquisition of the high resolution image are further adapted to move tiie region of interest of 
the body to a region of optimum performance of the magnetic resonance imaging system. By 
acquiring the low resolution scout image of the body, the MRI system obtains precise 
information of the location of tiie patient witii respect to the RF ti^mitting coil, the gradient 
coil system and tiie main magnet system of tiie MRI system. Having knowledge about tiiis 
relative position, a region of interest selected by an operator can effectivefy be assigned to an 
absolute position or to a relative position of tiie designated region of interest. 

The relative position of flie region of interest can for example be related to any 
one or several of tiie magnetic coils of tiie MRI system. The knowledge of tiie absolute or 
relative position of tiie region of interest can tiien furflier be exploited in order to move tiie 
patient in such a way, tiiat flie selected region of interest of tiie body is moved to tiie region of 
optimum performance of tiie MRI system. In tiiis way tiiere is no longer a need for a manual 
positioning of tiie patient tiiat for example makes use of a laser marker. In essence, proper 
positioning and aUgmnent of tiie patient can exclusively be performed on tiie basis of tiie 
25 acquired scout image. 

According to a iurther preferred embodiment of tiie invention, flie means for 
identifying tiie region of interest of tiie body are fimher ad^ted to extract body positioning 
parameters from tiie whole-body plan scan hnage. These body positioning parameters are for 
example indicative of flie anatomy, tiie specific geometry, flie orientation as well as of tiie 
mass of flie body inside tiie MRI system. Hence tiie system is principally enabled to extract 
any kind of geometrical data from the scout image. 

For example by use of an average tissue/fet/bone density of a body, even tiie 
total mass of a patient can precisely be determined by accumulating tiie volume of all pixels 
in flie fliree dhnensional whole-body scout image. Additionally, tiie obtained geometric data 



20 



30 



PHNL040110EPP 

5 01.03.2004 

can for example further be exploited in order to determine the gender of the patient and/or to 
determine whether the patient is an adult or a child. Additionally, fee data which is gathered 
from the scout image is essential for the specification and optimization of acquisition 
parameters for the acquisition of tiie high resolution image of tiie region of interest. 

According to a furfher preferred embodiment of tiie invention, tiie means for 
identifying tiie region of interest of tiie body are furflier adapted to perform an assigmnent 
between tiie region of interest and a part of tiie body. Having knowledge of tiie size of tiie 
body, tiie position of the body as weU as tiie location of tiie region of interest allows to assign 
tiie region of interest to abody part by comparing flie gatiiered data wifli reference data tiiat is 

10 stored in the system. 

For example, when a region of interest overl^s witii tiie end position of tiie 
body and when tiie MRI system has knowledge of tiie orientation of tiie body, it can easily 
determined, whetiier tiie region of interest corresponds to tiie head or to tiie feet of a patient. 
Preferably, tiie reference data also provides precise information of e.g. tiie location of specific 
15 extremities, tiie torso, tiie hips, etc. relative to tiie head or to tiie feet of a patient. By 

maximum exploitation of reference data, tiie inventive MRI system unequivocally assigns an 
arbitrary region of interest selected by an operator to a distinct part of a body. 

According to a furflier preferred embodiment of tiie invention, tiie acquisition 
parameters for acquiring tiie high resolution image of tiie region of interest are determined 
20 witii respect to tiie body positioning parameters and tiie assignment between a region of 

interest and a part of tiie body. The acquisition parameters specify tiie stirengtii of tiie appUed 
magnetic fields as well as tiie switching frequency of tiie gradient magnetic fields. In tins 
way, optimized magnitiides of tiie appUed fields tiiat are just below tiie limits defined by SAR 
and PNS models can effectively be determined. Since tiie limits for e.g. RF power deposition 
25 varies for different body parts, tiie RF power as well as tiie magnetic field stirengtii can 
individually be adapted for a specific body part tiiat is in tiie region of interest and tiiat is 
further in the plane of acquisition of the MRI system. 

According to a furflier preferred embodiment of the invention, tiie acquisition 
means are furflier adapted to dynamically determine tiie acquisition parameters witii respect 
30 to tiie body positioning parameters and with respect to tiie body part tiiat is in tiie region of 
optimum performance of tiie MRI system. When for example tiie region of interest is 
relatively large and tiius expands over multiple different body parts or even tiie entire body, 
tiie acquisition parameters can be dynamically modified during tiie acquisition of tiie high 
resolution image of the region of interest 
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According to a further preferred embodiment of the invention, the acquisition 
parameters are subject to optimization with respect to a specific absorption rate (SAR) model 
and/or peripheral nerve stimulation (PNS) model. Making use of refined SAR and/or PNS 
models allows to specify and to determine the optimal strength of applied magnetic fields as 
5 well as to determine an optimal slew rate of the r^dly switching gradient field. For such an 
optimization, knowledge of the size, the location, the orientation and the mass of a patient is 
essential. The acquisition of a whole-body plan scan image as well as the extraction of 
relevant patient information from the whole-body plan scan image is extremely advantageous 
for the purpose of determining and applying individually optimized parameters for the 
10 acquisition of a high resolution image with a high SNR. 

According to a further preferred embodiment of the invention, the system 
further comprises pattern recognition means for autonomously identifying parts of the body 
on the basis of the whole-body plan scan image. For example by correlating different slices 
of the whole-body plan scan image and comparing the different slices as well as the 
15 correlation output with reference data, aUows to identify and localize specific body parts as 
well as specific organs of the body. In this way, the system can autonomously determine the 
position of e.g. the heart or the lung relative to the head of the body or even the absolute 
position of these organs. 

Identified body parts or orgaas can furthermore be illustrated as labels within 
20 the graphical visualization of the whole-body plan scan image. The operator's task then 

reduces to a selection of a distinct organ that has been recognized on the basis of the whole- 
body plan scan image. In essence the operator no longer has to iteratively and manually find 
and to detennine a specific region of interest. 

Furthermore, the scout image can be used to perform a calibration of tiie entire 
15 MRI system. The low resolution scout image can be obtained using both the body transmit 
coil (QBC) and local receive coils simultaneously. This allows a simultaneous determination 
of the position of the local receiving RF coil relative to flie patient body, patient table and/or 
QBC. 

In anotiier aspect, tiie present invention provides a computer program product 
0 for a magnetic resonance imaging system for acquiring a high resolution image of a region of 
interest of a body. The computer program product comprises program means for: acquiring a 
low resolution whole-body plan scan image of the body, identifying the region of interest of 
tiie body, determinmg acquisition parameters for tiie high resolution image on tire basis of tixe 
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whole-body plan scan image and acquiring iJie high resolution image of the region of interest 
by making use of the determmed acquisition parameters. 

In accordance with a preferred embodiment of the invention the computer 
program product has program means adapted to extract body positioning parameters from the 
5 whole-body plan scan image, the body positioning parameters bemg indicative of the 
anatomy, the geometry, the orientation and the mass of the body. 

In accordance with a preferred embodhnent of the invention the computer 
program product has program means adapted to perform an assignment between the region of 

interest and a part of the body. 
10 In accordance with a preferred embodiment of the invention the computer 

program product has program means adapted to determine the acquisition parameters with 
respect to the body positioning parameters and the assigmnent between the region of interest 

and a part of the body. 

In accordance with a preferred embodiment of the mvention the computer 
15 program product has program means adapted to dynamically determine the acquisition 

parameters with respect to the body positioning parameters and with respect to the body part 
being in the region of optimum performance of the magnetic resonance imaging system. 

In accordance wilh a preferred embodiment of the invention the computer 
program product has program means ad^ted to perform an optimization of the acquisition 
20 parameters with respect to a specific absorption rate model and/or peripheral nerve 
stimulation model. 

Ill accordance with a preferred embodiment of the invention tiie computer 
program product has program means for pattern recognition for autonomously identifymg 
parts of the body on the basis of the whole-body plan scan image. 
25 In still anotiier aspect, the invention provides a method for acquiring a high 

resolution image of a region of interest of abody by making use of a magnetic resonance 
imaging system. The method comprises the steps of: acquiring a low resolution whole-body 
plan scan image of the body, identifying the region of interest of tiie body, determining 
acquisition parameters for the high resolution image on the basis of the whole-body plan scan 
30 image, and acquiring of the high resolution image of the region of interest by making use of 
the determined acquisition parameters. 

The present invention provides an effective approach to generate high 
resolution images of a region of interest with an MRI system. The high resolution images 
featuring a high SNR are obtained by making use of a low resolution whole-body plan scan 
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being exploited in order to determine individual patient infonnation that is essential for an 
optimization of acquisition parameters for the acquisition of the high resolution image. 
Moreover, the whole-body plan scan is graphically visualized to an operator providing an 
easy and intuitive selection of a region of interest. Additionally, the whole-body plan scan 
5 image can further be ejcploited for calibration of the MRI system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a MRI system according to the prior art. 
Figure 2 shows a typical embodiment of the graphical user interface, 
^® Figure 3 shows an alternative embodiment of a graphical user interface. 

Figure 4 shows a block diagram of the processing unit of the MRI system. 
Figure 5 is illustrative of a flowchart for acquisition of the whole-bocfyplan 

scan image and the subsequent acquisition of the high resolution image of the region of 

interest, 

Figure 6 illustrates a flowchart for optimization of the acquisition parameters. 
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DETAILED DESCRIPTION 

Figure 1 shows a magnetic resonance imaging system 1 which includes a main 
nxagnet system 2 for generating a steady magnetic field, and also several gradient coils 
providing a gradient coil system 3 for generating additional magnetic fields having a gradient 
in Ihe X, Y, Z directions. The Z direction of the coordinate system shown corresponds to the 
direction of the steady magnetic field in the main magnet system 2 by convention. The Z axis 
is an axis coaxial with the axis of a bore hole of the main magnet system 2, whereby tiie X 
axis is the vertical axis extending fi-om the center of the magnetic field, and whereby the Y 
25 axis is tiie corresponding horizontal axis orfliogonal to tiie Z axis and the X axis. 

The gradient coils of the gradient coil system 3 are fed by a power supply unit 
4. An RF tiansmitter coil 5 serves to generate RF magnetic fields and is connected to an RF 
transmitter and modulator 6. 

A receiver coil is used to receive the magnetic resonance signal generated by 
the RF field in the object 7 to be examined, for example a human or animal body. This coil 
may be the same coil as the RF transmitter coil 5. Furthermore, the main magnet system 2 
encloses an examination space which is large enough to accommodate a part of the body 7 to 
be examined. The RF coil 5 is arranged around or on tiie part of tiie body 7 to be examined in 
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this examination space. The RF transmitter coil 5 is connected to a signal ampUfier and 
demodulation unit 10 via a transmission/reception circuit 9. 

The control unit 1 1 contirols tiie RF transmitter and modulator 6 and the power 
supply unit 4 so as to generate special pulse sequences which contain RF pulses and 
gradients. The phase and ampUtude obtained from tiie demodulation unit 10 are applied to a 
processing unit 12. The processing unit 12 processes the presented signal values so as to form 
an image by transformation. This image can be visualized, for example by means of a 

graphical user interfece 8. 

The operation of the processing unit 12, tiie control unit 1 1 as well as tiie 
graphical user interface 8 of flie MRI system 1 is explained in greater detail below. 

Figure 2 shows a typical embodiment of tiie graphical user interfece 8. The 
GUI 8 has tiiree different windows 20, 22, 24, each of which illusfaating a different slice of 
tiie tiiree dimensional whole-body plan scan image obtained by a low resolution acquisition 
procedure of a patient. In illustrated embodiment tiie tiiree windows 20, 22, 24 represent 
tiiree mutually ortiiogonal slices tiirough a patient body. The window 20 shows a slice in tiie 
Z-X plane, tiie window 22 shows a slice in tiie T^Y plane and tiie window 24 shows a slice in 
tiie Y-X plane of tiie patient body. These mutually substantially ortiiogonal slices, also 
denoted as coronal, sagittal and axial, are only one way of illustration of a tiiree dimensional 
body. Other, arbitrarily determined slices are also conceivable. 

Witiiin each window, i.e. each slice of tiie plan scan image, a region of interest 
can be specified. In liie window 20 a region of interest 21 in window 22 a region of interest 
23 and in window 24 a region of interest 25 can be specified by an operator making typically 
use of any kind of pointer 26 or similar input means. From tiie selected region of interest 21, 
23, 25, tiie system tiien calculates a tiiree dimensional region of interest which in tiie 
following becomes subject to high resolution imaging. In principle, tiie operator is free to 
indicate, ttiat any one of tiie regions of interest 21, 23, 25 specifies tiie anatomy to be 
scanned, by simply placmg tiie pointer 26 on a corresponding position witiiin tiie displayed 
scout image. 

When for example tiie MRI system makes effective use of pattern recognition 
means as well as determination of patient related positioning parameters, body parts being 
identifiedby tiie MRI system can fimher be labeled witiiin tiie displayed scout image. The 
selection of regions of interest is not restiicted to tiie use of a mouse pointer 26 but can 
alternatively be realized by means of voice conttol, anatomical touch sensitive map or even 
remote control handset 
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Figure 3 shows another embodiment of the GUI 8 only making use of a single 
window 28, that is adapted to provide a foil three dimensional view of the plan scan image of 
the patient. Similarly as already described in figure 2, the operator can make use of a pomter 
26 in order to determine and to select a region of interest 29. The GUI 8 also provides a body 
5 part selection window 30 providing a list of various body parts and/or organs of the body that 
have been autonomously identified and located by the MRI system. Identification and 
determination of the location of specific body parts and/or organs of the body makes use of 
extracting body positioning parameters firom the acquired scout image being displayed by 
means of the window 28. The body positioning parameters are indicative of e.g. the size, the 
10 absolute or relative location, the orientation and the total mass of the body. 

By means of correlating different slices of the three dimensional whole-body 
plan scan image in combination with a comparison of reference data and by making use of 
pattern recognition means, various body parts and/or organs of the body can precisely be 
identified and localized. The GUI is forlher adapted to provide the entire information that has 
been gathered fi-om the whole-body plan scan image to flie operator. The operator is then fiee 
to select a region of interest either by graphical interactive means or by specifying a body 
part or an organ of the body by making a selection of one of the body parts provided by the 
body part selection window 30. In this way, an operator can for example simply specify that a 
specific organ, e.g. the heart, becomes subject to magnetic resonance imaging. Making use of 
the whole-body plan scan image, the MRI system is capable to identify and to locate an organ 
and/or body part specified by the operatot. In a next step, the system then individually adapts 
the acquisition parameters for the acquisition of a high resolution image of the designated 
organ. 

The operator is by no means restricted to the GUI 8 iUustrated by figure 2 and 
figure 3 but is enabled to individually specify the fimctionality and the ^earance of the 
windows of the GUI 8. Moreover, the operator can make use of various image manipulation 
tools in order to rotate, translate, magnify, resize, ete. the visualized scout images. 

Figure 4 shows a block diagram of the processing unit 12 that is connected to 
the signal ampHfier 10 and the GUI 8. The prx>cessing unit 12 has a body identification 
module 40, a body positioning parameter module 41, an acquisition parameter module 42, a 
central processing unit 43, an optimization module 44 as well as a pattern recognition module 
45. Phase and ampHtude signals that are received from the transmission and reception unit 9 
and that are amplified and demodulated by the demodulation unit 10 are inputted into the 
processing unit 12. 
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When the MRI system operates in a low resolution mode for acquiring the 
whole-body plan scan image of the body in a rapid way, the processmg unit 12 processes the 
electrical phase and amplitude signals received ftom Ihe demodulation unit 10 in such a way 
that the GUI 8 visualizes ihe low resolution whole-body plan scan image. A selection made 
by an operator in response to tiie visualization of tiie low resolution plan scan image is 
processedby Ihe cential processing unit 43. The processing unit 12 is adapted to transmit 
electrical signals to tiie control unit 1 1 in order to modify die RF transmission, tiie magnetic 
field gradients as well as the movement of the patient 7. 

Electrical signals being transmitted to the processing unit 12 ftom the 
demodulation unit 10, tiiat are indicative of tiie scout hnage of tiie patient are subject to 
totiier inspection by tiie body identification module 40, tiie body positioning parameter 
module 41, tiie acquisition parameter module 42, tiie cential processing unit 43, tiie 
optimization module 44 and tiie pattern recognition module 45. 

The body identification module 40 is adapted to process a selection made by 
an operator and provided by tiie GUI 8 to tiie processing unit 1 2. Processing of tiie selection 
means to identify tiie selection and to assign tiie selection to a relative or to an absolute 
position in tiie tiiree dimensional space. A relative position typicaUy refers to tiie position of 
tiie region of interest relative to a specific part of tiie body or relative to e.g. tiie main magnet 
system 2 or tiie RF transmitting coils 5 of tiie MRI system. 

The body positioning parameter module 41 is adapted to extiract relevant data 
of tiie patient on tiie basis of electrical signals being indicative of tiie scout image of tiie 
patient. By means of flie body positioning parameter module 41, tiie MRI system is able to 
extiact mformation of e.g. tiie size, tiie location, tiie orientation and tiie total mass of tiie 
patient. The results of tiiis information extraction can also be stored for later use during 
25 subsequent high resolution scans and are also archived witii tiie patient data. 

The acquisition parameter module 42 is adapted to determine acquisition 
parameters for tiie acquisition of tiie high resolution image of tiie region of interest of tiie 
body. The acquisition parameters are determined by tiie acquisition parameter module 42 
witii respect to tiie body positioning parameters extiacted, and previously stored, by tiie body 
30 positioning parameter module 42 and witii respect to tiie assigmnent between identified body 
parts and tiie region of interest. The acquisition parameter module 42 is fiirtiier adapted to 
interplay witii tiie optimization module 44. The optimization module 44 performs 
optimization of e.g. gradient strength and RF transmission power witii respect to tiie body 
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positioning parameters, a body part or organ assigned to a region of interest and to the 
position of the patient 7 with respect to the location of the RF transmitter coil 5. 

The pattern recognition module 45 is adapted to perform pattern recognition 
on tiie basis of the whole-b6dy plan scan image. The pattem recognition module typically 
; makes use of correlation techniques and is furflier adapted to compare image data obtained 
fixwn the plan scan image with reference data stored in the pattem recognition module. In this 
way, the processing unit 12 is enabled to autonomously identify and to locate specific body 
parts and/or oigans of the body on the basis of the low resolution whol^body plan scan 
image of the patient 

The central processing unit 43 of the processing unit 12 is adapted to control 
an interchange of data between the individual modules 40, 41, 42, 44 and 45 of the 
processing unit 12. The central processing unit 43 is forfher adapted to control tiie 
tiansmission of electrical signals between the processing unit 12 and the demodulation unit 
10 as well as the data traffic between the processing unit 12 and the GUI 8. 

Figure 5 illustrates a flowchart of tiie method for acquisition of a whole-body 
plan scan image and the subsequent acquisition of a high resolution image. In the first step 50 
tiie whole-body plan scan image is acquired. In the subsequent step 51 the plan scan image is 
provided to an operator making use of the GUI 8. In step 52 the operator selects a region of 
interest 2 1, 23, 25, 29 whereupon the MRI system moves the patient in such a position, that 
tiie region of interest of tiie body is witiim flie region of optimum performance of tiie 
magnetic resonance imaging sj^em 1. 

Furthermore tiie selected region of interest is assigned to a body part in tiie 
successive step 53. This can effectively be done by exploiting previously extracted body 
positionmg parameters tiiat are indicative of e.g. tiie size, tiie position, tiie orientation and tixe 
total mass of tiie patient. Having knowledge of tiie positioning parameters of tiie patient as 
well as tiie assignment between tiie region of interest and a specific bo(fypart and/or organ of 
tiie patient, in step 54 corresponding acquisition parameters can be delemiined. 

The acquisition parameters are preferably subject to optimization witii respect 
to a specific absorption rate model and/or peripheral nerve stimulation model. This allows, 
tiiat tiie stirengtii of tiie static magnetic field as well as tiie power of tiie RF tiansmitting field 
are just below a maximum allowable value specified by SAR and/or PNS models. In tins 
way, m step 55 a high resolution image can be acquired by making use of optimal acquisition 
parameters providing a high SNR of tiie final image and tiierefore a maximum image quality 
of tiie acquired hi^ resolution image. AdditionaUy, by providing tiie whole-body plan scan 
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image to an operator, tiie selection of a region of interest is feciUtated in m intuitive way. 
Moreover, a manual positioning of the patient is no longer required as well as a calibration of 
the MRI system can take place during acquisition of the whole-body plan scan image. 

Figure 6 illustrates a flowchart for an optimization of acquisition parameters, 
m a first step 60, tiie whole-body plan scan image is acquired. Based on the acquired whole- 
body plan scan image body positioning parameters axe determined in the successive step 61 . 
Since Ihe body positioning parameters are indicative of the size, the orientation, the location 
as well as of the mass of the patient, Ihe MRI system compares these body positioning 
parameters witii reference parameters in order to identify body parts of Ihe patient in the plan 
scan image in step 62. Intiie following step 63, based on tiie identified body parte and based 
on tiie previously determined body positioning parameters, position dependent acquisition 
parameters are determined. This means, tiiat tiie acquisition parameters are eitiier statically or 
dynamically determined with respect to the body positioning parameters and with respect ix> 
tiie body part being in the region of optimum performance of the MRI system. Finally, in the 
last step 64 the high resolution image is acquired by making use of the determined 

acquisition parameters. 

Figure 6 illustrates a flowchart of a method for acquiring a high resolution 
image without interaction of an operator. Here, the method focuses on the optimization of 
acquisition parameters, that lake into account die individual geometry and geometiic data 
obtained fi-om the whole-body plan scan image. 
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CLAIMS: 



1 A magnetic resonance imaging system for acquiring a high resolution image of 

a region of interest of a body, the MRI system comprising: 

means for acquiring a low resolution whole-body plan scan image of the body, 
means for identifying the region of interest of the body, 
5 . means for determining acquisition parameters for the high resolution image on 

the basis of the whole-body plan scan image, 

means for acquisition of the high resolution image of the region of interest by 

makmg use of the determined acquisition parameters. 

IQ 2. The system according to claim 1, further comprising a graphical user interfece 

for an operator's selection of the region of interest in the whole-body plan scan image. 

3. The system according to claim 1 or 2, wherein means for acquisition of Ihe 

high resolution image are ftirther adapted to move the region of interest of the body to a 
15 region of optimum performance of the magnetic resonance imaging system. 

4 The system according to any one of the clauns 1 to 3, wherein the means for 
identifymg the region of interest of the body are further adapted to extract body positioning 
parameters from the whole-body plan scan image, the body positioning parameters being 

20 indicative of the anatomy, the geometry, the orientation and the mass of the body. 

5 The system according to any one of the claims 1 to 4, wherein the means for 
identifying the region of interest of the body are further adapted to perform an assignment 
between the region of interest and a part of the body. 



25 



6. The system according to claim 4 or 5, wherein the means for determining the 

acquisition parameters are ftirther adapted to determine the acquisition parameters with 
respect to the body positioning parameters and the assignment between the region of interest 
and a part of the body. 
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7. The system according to any one of the claims 4 to 6, wherein the acquisition 
means are adapted to dynamically determine the acquisition parameters with respect to the 
body positioning parameters and with respect to the body part being in the region of optimum 
performance of the magnetic resonance imaging system. 

8. The system according to any one of the claims 4 to 7, wherein the acquisition 
parameters are subject to optimization with respect to a specific absorption rate model and/or 
peripheral nerve stimulation model. 

^- The system according to any one of the claims 1 to 8, further comprising 

pattern recognition means for autonomously identifying parts of the body on the basis of the 
whole-body plan scan image. 

15 1®- A computer program product for a magnetic resonance imaging system for 

acquiring a high resolution image of a region of interest of a body, the computer program 
product comprising program means for: 

acquiring a low resohition whole-body plan scan image of the body, 
identifying the region of interest of the body, 

" *l®*ermining acquisition parameters for the high resolution image on tiie basis 

of the whole-body plan scan image, 

acquiring the high resolution image of the region of interest by making use of 
the detocmined acquisition parameters. 

^511- The computer program product according to claim 10, further comprismg 

computer program means being adapted to identify a region of interest in the whole-body 
plan scan image by processing an operator's selection being made by means of a graphical 
user interface. 

30 12. The computer program product according to claim 10 or 11, wherein the 

conq)uter program means for acquisition of the high resolution image are further adapted to 
control the position of the region of interest of the body relative to a region of optimum 
performance of the magnetic resonance imaging system. 
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13. A method for acquiring a high resolution image of a region of interest of a 

body by making use of a magnetic resonance imaging system, tiie mefliod comprising the 
steps of: 

acquiring a low resolution whole-body plan scan image of the body, 
identifying the region of interest of the body, 

determining acquisition parameters for the high resolution image on tiie basis 

of the whole-body plan scan image, 

acquiring of tiie high resolution image of the region of interest by making use 

of the determined acquisition parameters. 

14. The method according to claim 13, wherein body positioning parameters are 

extracted from the whole-body plan scan image in order to optimize acquisition parameters 
for Ihe high resolution image with respect to a specific absorption rate model and/or 
peripheral nerve stimulation model. 
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ABSTRACT: 



The present invention provides a magnetic resonance imaging system making 
use of low resolution, whole-body plan scan image of abody. The whole-body plan scan 
image is exploited to gather a plurality of individual information of abody lhat is essential 
for an optimization of acquisition parameter for acquisition of a high resolution and high 
quality image of a region of interest of the body. Moreover, ihe whole-body plan scan image 
is used in order to feciUty a determination aad a selection of a region of interest to be 
performed by an operator. Additionally, the MRI provides effective means for autonomously 
identifying specific body parts or even organs of a patient. Providing the entire information 
that can be extracted fiom the whole-body plan scan image to the operator effectively 
simpUfies flie workflow of the operator in an intuitive way. Preferably, during acquisition of 
the low resolution whole-body plan scan image, necessary calibration parameters for 
acquisition of the final high resolution image are obtained. 



(Fig. 4) 
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ABSTRACT: 



The present invention provides a magnetic resonance imaging system making 
use of low resolution, whole-body plan scan image of a body. The whole-body plan scan 
image is exploited to gather a plurality of individual information of a body that is essential 
for an optimization of acquisition parameter for acquisition of a high resolution and high 
5 quality image of a region of interest of the body. Moreover, the whole-body plan scan image 
is used in order to facility a determination and a selection of a region of interest to be 
performed by an operator. Additionally, the MRI provides effective means for autonomously 
identifying specific body parts or even organs of a patient. Providing the entire information 
that can be extracted from the whole-body plan scan image to the operator effectively 
10 simplifies the workflow of the operator in an intuitive way. Preferably, during acquisition of 
the low resolution whole-body plan scan image, necessary calibration parameters for 
acquisition of the final high resolution image are obtained. 
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